SUMMARY Twelve patients with chronic simple glaucoma were treated for 1 week with Ocusert-40, and the effects on the pupil, intraocular pressure, and refraction were measured. A comparison was made with the effects of pilocarpine eyedrop therapy in 8 of these patients. Both forms of pilocarpine treatment gave satisfactory control of intraocular pressure and both constricted the pupil to a similar degree shortly after initiation of treatment. During the week on Ocusert-40 the pupils redilated, so that 54 % of the initial miosis remained after 7 days' wear. There was, however, considerable variability in the pupillary sensitivity to Ocusert-40 within and between eyes, and it is suggested that this may have been partly due to variable release rates of pilocarpine. Only minor decreases in visual acuity and refraction resulted from pilocarpine in either form. Seven of the 12 patients rejected Ocusert-40 because of discomfort or inability to retain the device.
Pilocarpine eyedrops have been widely prescribed for glaucoma for many years despite two major disadvantages. Firstly, they need to be instilled 3 or 4 times daily, which encourages non-compliance (Vincent, 1971) , with the consequent risk of inadequate pressure control. Secondly, the drops deliver a large dose which initially causes side effects of browache, darkening of vision due to pupillary constriction, and myopia. Ocuserts appear to offer a promising alternative to conventional drop therapy because their continuous release of lower drug concentrations has been reported to cause relatively few side effects while adequately controlling pressure (Brown et al., 1976; Drance et al., 1977; Hillman et al., 1977) . This study was designed to confirm these reports by comparing the pupillary, refractive, and ocular hypotensive effects of with conventional drop therapy in a group of glaucoma patients.
Patients and methods

PATIENTS
Twelve patients with bilateral chronic simple glaucoma volunteered for the study. Four of them Address for reprints: Dr S. E. Smith were recently diagnosed and untreated cases and 8 had been treated previously with pilocarpine eyedrops only, for periods that varied from 1 week to 6 years. Details of the patients and their treatments are given in Table 1 . All oral treatments for other diseases remained unchanged throughout the period of study.
TREATMENTS
The investigation had a total duration of 15 days (Fig. 1) . Only patients 1-8, previously treated with pilocarpine eyedrops, completed the whole study; the remaining 4 patients entered at day 8. On day 1 the patients were given their final application of drops and the effects were noted. Pilocarpine treatment was then stopped and dummy Ocuserts were inserted to familiarise the patient with this type of treatment. The patient was unaware that the Ocuserts were drug-free. The dummies were worn for 1 week, during which time no pilocarpine was given, but treatment was continued with oral acetazolamide (Diamox Sustets 500 mg twice daily). On (Fig. 2) the pupils gradually recovered to a final mean size of 3 45 mm on day 15. Thus 54% of the maximum miotic effect of Ocusert-40 remained at the end of the week.
In patients 1 to 8 the peak effect of Ocusert-40 was compared with that resulting from 1 drop of pilocarpine at the concentration prescribed for each individual (see Table 1 ). No difference was found in the size of the pupil at the maximum effect of each treatment (1 70 mm after drops and 1-63 mm after Ocusert). In the Caucasian patients peak effects occurred at approximately 40 minutes after drops and 1 hour after Ocusert insertion, but in the Asian and Negro patients the time course of both pilocarpine treatments was delayed. Thus the peak effect of Ocusert in the 2 non-white patients was measured on day 9 at a time when the pupils of all the white patients were recovering.
There was considerable variability in the pupillary response to Ocusert-40, illustrated by the two extremes in Fig. 3 . The left pupil of patient 10 had recovered completely by the end of the week, and Day of study On day 12 there was an intense miosis in the right eye, which was red and sore this corresponded with a poor response of IOP. Pressures before and after Ocusert were 39 and 29 mmHg respectively compared with 47 and 14 mmHg respectively in the right eye which retained a pupillary effect. In contrast, the pupil of the right eye of patient 9, in which the pressure response was good, was still tightly constricted on day 15. Fig. 4 illustrates a phenomenon encountered in 5 of the 12 patients during the week with Ocusert-40 treatment. On day 12 this patient complained of soreness in his right eye, which had conjunctival injection and a pupil that had reconstricted to a very small size (I 37 mm). Within the group these reconstrictions, which interrupted the gradual pupillary redilatation, were always accompanied by complaints of discomfort and occurred most frequently in the second half of the week. This phenomenon did not occur once in the 8 patients who wore dummy Ocuserts for 1 week.
VISUAL ACUITY AND REFRACTION
In all patients studied only small changes were induced by pilocarpine given in drops or Ocuserts with mean values not exceeding a 1-line decrease in Snellen visual acuity and a 05 D myopic shift in refraction. The only marked pilocarpine effect was in patient 3, whose myopia increased by 15 D during the first hour after both drops and Ocusert-40. By the end of the week on Ocusert-40 his refraction had returned to its baseline value.
PATIENT ACCEPTABILITY Patients were followed-up 1 to 3 months after completion of the study to check on the type of therapy they preferred. It was found that only 5 of the 12 were still using Ocuserts, the remainder having reverted to drops. The reasons for the failures were invariably given as 'discomfort' or that the Ocuserts 'kept falling out'.
Discussion
In confirmation of previous reports it was found that IOP was adequately controlled by Ocusert-40 therapy. The mean level of pressure was identical after pilocarpine in either delivery form, but acetazolamide gave a significantly better response. However, all the patients disliked the tingling sensation in the skin that accompanied acetazolamide therapy.
It has been reported that Ocusert-40 treatment is relatively free of the pupillary and refractive side effects of pilocarpine eyedrops (Brown et al., 1976) . The results of this study, however, show that shortly after pilocarpine was given in either form the pupil constricted to a size that probably represented its physical minimum diameter. Although the peak effects were thus comparable, with Ocuserts the pupils redilated, so that only half the initial miosis remained at the end of the week. Thus despite the unexpected pupillary constrictions that interrupted the course of this redilatation in some patients (Fig. 4) , in general patients avoided the repeated fluctuations that occur with drop therapy.
Reports that Ocuserts affect visual acuity and refraction less than drops (Hillman et al., 1977; Drance et al., 1977) are not supported by this study, since here only minor changes were induced by both forms of pilocarpine. This was probably because all our patients were aged over 40 years, and, as noted previously, pilocarpine-induced myopia is rare in the older age group (Hitchings and Smith, 1977) . Claims that Ocuserts have marked visual benefits based on studies with young normal subjects (Place et al., 1975) are therefore of limited relevance, since the majority of patients with simple glaucoma are elderly. Five of the 12 patients that received Ocusert-40 treatment experienced the phenomenon illustrated in Fig. 4 in which the pupil reconstricted to its minimum size and the conjunctiva became red and uncomfortable. As this phenomenon did not occur with the drug-free Ocuserts, it was presumably caused by a sudden leakage of pilocarpine in excess of the 'controlled' release rate. Such phenomena have been observed before (Lee et al., 1975) , though less frequently than in this study, probably because our patients were examined more often (on 5 of 8 days of treatment). The release of pilocarpine from Ocusert-40 may therefore be less predictable than is claimed by the manufacturers. Variability in release rates of individual Ocusert-40 systems may also have contributed to the differences in pupillary sensitivity in this group of patients.
Only 5 of the 12 patients who entered the study chose to continue with Ocusert-40 treatment. Other workers have reported similar drop-out rates (Hitchings, and Smith, 1977; Hillman et al., 1977) . Some of our patients reverted to drops because they found Ocuserts uncomfortable to wear, and some of the more elderly had difficulty in retaining them under lax eyelids.
It is concluded that some patients, particularly younger ones, may benefit from a reduction in side effects when pilocarpine is administered in the form of Ocusert-40. However, the possibility that the drug release rate may suddenly increase needs further investigation. 
